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Toxoplasmosis and neosporosis have been recognized as economically important diseases
with considerable impact on the livestock industry. Considering the scarce information on
the occurrence of Toxoplasma gondii and Neospora caninum infections in sheep from Uber-
lândia,MinasGerais State, Brazil, this studyaimed to investigate the frequencyof antibodies
against theseparasites in sheep sera fromthis regionbyusingdifferent serologicalmethods.
A total of 155 sheep serum samples were analyzed by the indirect ﬂuorescence antibody
test (IFAT) andenzyme-linked immunosorbent assay (ELISA) for thedetectionof IgGagainst
T. gondii and N. caninum. Seroreactivity by IFAT showed 80% of samples with titers between
512 and 2048 for T. gondii (cutoff≥64) and 78% presenting titers between 50 and 200 for N.
caninum (cutoff≥50). Seroreactivity by ELISA showed 75% of samples with ELISA index (EI)
between 2.0 and 3.0 for T. gondii (cutoff≥1.3) and 54% presenting EI between 1.3 and 2.0 for
N. caninum (cut off≥1.3). Discordant results by both tests were analyzed by immunoblot,
resulting in a total seropositivity of 61% for T. gondii and 23% for N. caninum, with 41% to
T. gondii only, 3% to N. caninum only, and 20% to both parasites. There was a signiﬁcant
positive association between seropositivity to T. gondii and age over one year (P<0.001),
but such association was not found for N. caninum infection. In conclusion, as T. gondii and
N. caninum infections are simultaneously present in sheep ﬂocks of this region, it should be
emphasized the importance to carry out a regular monitoring of Toxoplasma infection due
to its highprevalence, its zoonotic potential and inductionof reproductive disorders leading
to economic losses. For neosporosis, sheep farmers should be instructed about the presence
of the parasite in the ﬂock, its risk factors and potential abortifacient role in sheep. Differ-
ement
oductivential ﬂock manag
positivity and repr. Introduction
Toxoplasma gondii and Neospora caninum are intra-
ellular protozoan parasites of the Phylum Apicomplexa,
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e disease induced by N. caninum in sheep.
© 2010 Elsevier B.V. 
presenting worldwide distribution and sharing structural,
genetic and immunological similarities (Dubey, 2003).
However, the parasites can cause biologically distinct dis-
Open access under the Elsevier OA license.eases, since T. gondii is a major cause of infectious abortion
in sheep worldwide (Innes et al., 2009), and severe disease
in humans as toxoplasmic encephalitis in immunocompro-
misedpatients andabortionor congenital defects in fetuses
(Montoya and Liesenfeld, 2004). Also, ingestion of under-
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cooked infected lamb is considered an important risk factor
forT. gondii infection inpregnantwomen(Cooketal., 2000).
In contrast, N. caninum is a major cause of neonatal mortal-
ity and/or abortion in cattle and neuromuscular disorders
in dogs, but there are no conclusive reports of infection in
humans (Dubey et al., 2007). Thus, both toxoplasmosis and
neosporosis have been recognized as economically impor-
tant diseases with considerable impact on the livestock
industry (Dubey et al., 2007; Innes et al., 2009).
Toxoplasmosis in sheep is associated with reproduc-
tive disorders as abortion and production of stillborn or
weak lambs (Innes et al., 2009). As sheep are herbivores,
the main route of T. gondii transmission is by means of
infected oocysts shed by the cat, representing a major
source of environmental contamination and infection for
grazing animals (Innes et al., 2009). Congenital transmis-
sion may also be an important route as in humans or mice,
including the endogenous transplacental transmission that
results of recrudescence of a persistent endogenous infec-
tion (Morley et al., 2008; Hide et al., 2009). However,
a more complete and careful study has demonstrated a
very limited role for vertical transmission of T. gondii in
sheep (Rodger et al., 2006; Innes et al., 2009). The relative
importance of these different transmission routes is under
ongoing debate (Hide et al., 2009; Innes et al., 2009).
Neosporosis occurs less frequently in sheep and was
associated with congenital infection, abortion and birth
of weak offspring (Dubey and Lindsay, 1996; Jolley et al.,
1999; Kobayashi et al., 2001). However, the role for N.
caninum as an ovine abortifacient in the ﬁeld is unclear
(Otter et al., 1997). A survey of aborted ewes found a
low prevalence of anti-N. caninum antibodies, suggesting
that N. caninum was not causally involved in these cases
(Helmick et al., 2002). Recently, an association between
N. caninum infection and abortion in sheep within New
Zealand has been suggested (Howe et al., 2008). Although
vertical transmission is an important route used by N. can-
inum as dissemination strategy, specially the endogenous
transplacental transmission in cattle (Trees and Williams,
2005), sheep can also be infected by ingesting oocysts shed
by thedog, suggesting thepossibilityofhorizontal infection
(O’Handley et al., 2002).
Epidemiological data of toxoplasmosis and neosporosis
in sheep are based on the serodiagnosis by different sero-
logical assays, such as indirect ﬂuorescence antibody test
(IFAT) and enzyme-linked immunosorbent assay (ELISA).
Data on the seroprevalence of T. gondii in naturally exposed
sheep worldwide have been reviewed recently (Dubey,
2009), with seroprevalence rates ranging from 7% to 52% in
Brazil, depending on the region, serological tests and cut-
off values used for each assay to determine seropositivity.
For N. caninum, recent serological surveys of sheep popula-
tions in Brazil found less than 10% seroprevalence, even in
the presence of much higher seroprevalence (29.1%) in dog
populations (Figliuolo et al., 2004; Romanelli et al., 2007).
Given the importance of toxoplasmosis andneosporosis
in animal health and reproductive performance, in addi-
tion to the scarce information on the occurrence of T. gondii
and N. caninum infections in sheep from Uberlândia, Minas
Gerais State, Brazil, the present study aimed to investi-
gate the frequency of antibodies against these parasites inlogy 175 (2011) 252–259 253
serum samples from sheep of this region, by using differ-
ent serologicalmethods, IFAT andELISA as screening assays
and immunoblot as a supporting assay.
2. Materials and methods
2.1. Animals and serum samples
Serum samples were obtained from 155 sheep origi-
nated from two farms of the region of Uberlândia, State of
MinasGerais, Brazil. As sheepweredestined formeat,wool,
andbreeding, 95.5% (148/155) of animalswere females and
71.6% (111/155) were over one year old. Serum samples
were stored at −20 ◦C until being tested for the presence of
antibodies against T. gondii and N. caninum. All procedures
were performed according to the Ethical Principles in Ani-
mal Research adopted by the Brazilian College of Animal
Experimentation and this study received approval from the
Ethical Committee of the Institution.
2.2. Parasites and antigens
T. gondii tachyzoites (RH strain) were maintained by
intraperitoneal serial passages in outbred Swiss mice at
regular 48h intervals (Mineoet al., 1980).Mouseperitoneal
exudates were harvested when the majority of tachyzoites
wereextracellular, and thenwashed twice (720× g, 10min,
4 ◦C) in phosphate-buffered saline (PBS, pH7.2). The result-
ing pellet was resuspended in PBS for antigen preparation.
N. caninum tachyzoites (Nc-1 strain) were maintained in
Vero cells cultured in RPMI 1640 medium supplemented
with 2% heat-inactivated calf fetal serum in a 5% CO2 atmo-
sphere at 37 ◦C and harvested by scraping off the cell
monolayer after 2–3 days of infection (Silva et al., 2007).
Tachyzoites were puriﬁed by forcible extrusion through a
26-gauge needle to lyse any remaining intact host cells,
which were also removed by centrifugation at low speed
(45× g) for 1min at 4 ◦C. The supernatant containing par-
asite suspension was collected and then washed twice
(720× g, 10min, 4 ◦C) in PBS and the resulting pellet was
resuspended in PBS for antigen preparation.
N. caninum and T. gondii whole antigens were prepared
according to Camargo (1964). Parasite suspensions were
treated with 1% formaldehyde for 30min at room temper-
ature. After washing in PBS, parasites were dry-ﬁxed in
microscopic slides and stored at −20 ◦C until being used
in IFAT.
N. caninum and T. gondii soluble antigens were pre-
pared as described elsewhere (Silva et al., 2007). Parasite
suspensions were treated with protease inhibitors
(aprotinin, 10g/mL; leupeptin, 50g/mL; phenyl-
methylsulfonyl ﬂuoride [PMSF], 1.6mM) and then lysed by
ﬁve freeze–thaw (liquid nitrogen and water bath at 37 ◦C)
cycles and further by ultrasound (six 60Hz cycles for 1min
each) on ice. After centrifugation (10,000× g, 30min, 4 ◦C),
supernatants were collected and the protein concentration
was determined (Lowry et al., 1951). Different batches
were done for antigen preparation and pooled together to
obtain the required protein concentration. Soluble antigen
aliquots were stored at −20 ◦C until being used in ELISA.
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.3. Serological assays
.3.1. Indirect ﬂuorescent antibody test (IFAT)
IFATs were carried out to detect IgG antibodies to T.
ondii (IFAT-Tg) and N. caninum (IFAT-Nc) as described
lsewhere (Figliuolo et al., 2004). Slides containing for-
olyzed tachyzoites were incubated with sheep sera at
erial twofold dilutions starting from 1:64 to 1:8192 (for
FAT-Tg) or 1:50 to 1:3200 (for IFAT-Nc) in PBS. Next, slides
ere incubated with ﬂuorescein isothiocyanate-labeled
abbit anti-sheep IgG (prepared as described by Clark and
hepard (1963) diluted 1:80 (IFAT-Tg) or 1:100 (IFAT-Nc)
n PBS plus 0.01% Evans blue. Positive and negative control
era were included in each slide and were obtained from
nimals with positive and negative serology, respectively,
s previously determinedby two serological tests (IFAT and
LISA) for both parasites. Slides were examined under ﬂu-
rescence microscopy and only a bright, linear peripheral
uorescence of the tachyzoites was considered positive.
he reciprocal of the highest dilution of serum that gave
positive reaction was considered the end-point titer.
.3.2. Enzyme-linked immunosorbent assay (ELISA)
Indirect ELISAs were carried out to detect IgG anti-
odies to T. gondii (ELISA-Tg) and N. caninum (ELISA-Nc),
ccording to Silva et al. (2007), with modiﬁcations. Opti-
ization of the reaction was established in preliminary
xperiments through block titration of the reagents, by
esting simultaneously different antigen concentrations,
ositive and negative control serum dilutions, biotinylated
econdary antibody and enzymatic conjugate dilutions.
icrotiter plates were coated with T. gondii or N. caninum
10g/mL) soluble antigens and then blocked with PBS
ontaining0.05%Tween20 (PBS-T) andskimmilk (PBS-TM)
t 5%. Next, plates were incubated with sheep sera diluted
:64 (ELISA-Tg) or 1:50 (ELISA-Nc) in PBS-TM at 5%. Sub-
equently, biotinylated rabbit anti-sheep IgG (prepared as
escribed by Lisanti et al., 1988) diluted 1:250 in PBS-TM
t 5% was added followed by incubation with peroxidase-
treptavidin (Sigma Chemical Co., St. Louis, USA) diluted
:1000 in PBS-TM at 1%. The reaction was developed by
dding the enzyme substrate (0.03% H2O2 and 0.01M
,2′-azino-bis-3-ethyl-benzthiazoline sulfonic acid) (ABTS;
igma) and the optical density (OD) was read at 405nm
n plate reader. Two positive and three negative control
era were included in each plate and were obtained from
nimals with positive and negative serology respectively,
etermined by the two serological tests (IFAT and ELISA)
or both parasites. The reaction cut offwas calculated as the
eanOD fornegative control seraplus three standarddevi-
tions. Antibody titers were expressed as ELISA index (EI)
s described by Silva et al. (2002a) following the formula:
I =OD sample/OD cut off. Values of EI≥1.3 were consid-
red to be positive in order to exclude borderline reactivity
alues close to EI = 1.0..3.3. Immunoblot
Immunoblot (IB) was performed to verify the reactivity
o T. gondii (IB-Tg) and N. caninum (IB-Nc) immunodom-
nant antigens in all serum samples with discordant
esults by ELISA and IFAT, as previously described (Silvaology 175 (2011) 252–259
et al., 2007). Brieﬂy, T. gondii and N. caninum tachyzoites
(108 organisms/mL) were lysed in 4% sodium dodecyl
sulfate (SDS) sample buffer and then submitted to elec-
trophoresis in a 12% polyacrylamide gel (SDS-PAGE) under
non-reducing conditions (Laemmli, 1970). Proteins were
electrotransferred to nitrocellulose membranes (Towbin
et al., 1979) and then blocked with PBS-TM 5% for 2h
at room temperature. Strips were incubated overnight
at 4 ◦C with sheep sera diluted 1:50 in PBS-TM 1%
and then with biotinylated-rabbit anti-sheep IgG diluted
1:500 followedby incubationwithperoxidase-streptavidin
(Sigma) diluted 1:1000 in PBS-TM at 1%. The reac-
tion was developed by adding enzyme substrate (FastTM
3,3′-diaminobenzidine tablet sets; Sigma). Samples were
considered positive when showing seroreactivity of IgG
antibodies to T. gondii SAG1 (p30) antigen (Silva et al.,
2002b) or at least two out of three clusters of immunodom-
inant antigens (17, 29–32 and 35–37kDa) of N. caninum,
similarly to previous ﬁndings in several animal species,
including cattle, sheep and goats (Bjerkas et al., 1994;
Schares et al., 1998; Naguleswaran et al., 2004).
2.4. Statistical analysis
Statistical analysis was performed using the GraphPad
Prism 4.0 software (Graphpad Sofware Inc., San Diego,
USA). Seropositivity percentages were compared by the
Chi-square (2) test or Fisher exact test, when appropriate.
The agreement between IFAT and ELISA for the detection
of antibodies to T. gondii and N. caninum was analyzed by
calculating the proportion of observed agreement (Po), the
proportion of positive (Ppos) and negative (Pneg) agreee-
ment, and the Kappa () coefﬁcient as previously reported
(Lasri et al., 2004; Silva et al., 2007). Values of P<0.05 were
considered statistically signiﬁcant.
3. Results
The distribution of IgG antibody titers or levels anti-
T. gondii and anti-N. caninum determined by IFAT and
ELISA are demonstrated in Table 1. From 155 analyzed
serum samples, 72 (46.5%)were reagent for T. gondii (cutoff
titer≥64), with 80% of samples presenting titers between
512 and 2048 and the most frequent titer was 512 (30.5%).
For N. caninum, 73 (47.1%) samples were reagent (cutoff
titer≥50) with 78% of samples showing titers between 50
and200, and themost frequent titerwas50 (36.9%). Serore-
activity by ELISA showed 75% of samples with higher EI
values, between 2.0 and 3.0 for T. gondii (cutoff EI≥1.3)
and 54% presenting lower EI values, between 1.3 and 2.0
for N. caninum (cutoff EI≥1.3).
The comparison between IFAT and ELISA results for the
detection of IgG antibodies to T. gondii (Table 2) showed
84% of total agreement, with 85% and 82% of positive and
negative agreement, respectively, resulting in a substan-
tial Kappa coefﬁcient ( =0.69). For N. caninum (Table 3),
it was observed a lower total agreement (73%), with 63%
and 78% of positive and negative agreement, respectively,
resulting in a moderate Kappa coefﬁcient ( =0.45). For
T. gondii serology, 25 (16.1%) samples showed discordant
results (ELISA+/IFAT−) and 22 (14.2%) were positive in
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Table 1
Distribution of IgG antibody titers or levels anti-Toxoplasma gondii and anti-Neospora caninum determined by IFAT and ELISA in 155 sheep sera from
Uberlândia, MG, Brazil.
IFAT ELISA
Toxoplasma gondii Neospora caninum ELISA index Toxoplasma gondii Neospora caninum
Titer Positive n (%) Titer Positive n (%) Positive n (%) Positive n (%)
64 0 (0) 50 27 (36.9) 1.3–1.5 4 (4.1) 7 (17.1)
128 2 (2.7) 100 18 (24.6) 1.5–2.0 10 (10.3) 15 (36.6)
256 11 (15.2) 200 12 (16.4) 2.0–2.5 36 (37.1) 1 (2.4)
512 22 (30.5) 400 5 (6.8) 2.5–3.0 37 (38.2) 3 (7.3)
1024 17 (23.6) 800 3 (4.1) 3.0–3.5 10 (10.3) 5 (12.2)
2048 19 (26.3) 1600 8 (10.9) 3.5–4.0 0 (0) 4 (9.7)
4096 1 (1.3) 4.0–4.5 0 (0) 6 (14.6)
Total positive 72 (46.5) 73 (47.1)
Total number 155 155
IFAT titers considered positive for T. gondii (IFAT≥64) and N. caninum (IFAT≥50)
(EI≥1.3).
Table 2
Comparison between IFAT and ELISA results for the detection of IgG anti-
bodies to Toxoplasma gondii in sheep sera from Uberlândia, MG, Brazil.
ELISA IFAT Total n (%)
Positive n (%) Negative n (%)
Positive 72 (46.5) 25 (16.1) 97 (62.6)
Negative 0 (0.0) 58 (37.4) 58 (37.4)
Total 72 (46.5) 83 (53.5) 155 (100)Proportion of observed agreement (Po) = 0.84; poportion of positive agree-
ment (Ppos) = 0.85;poportionofnegativeagreement (Pneg) = 0.82;Kappa ()
coefﬁcient =0.69.
immunoblot, by recognizing predominantly the p30 anti-
gen from T. gondii. For N. caninum, 42 (27.1%) presented
discordant results in both tests, with 37 (23.9%) samples
showing ELISA−/IFAT+, and all of these samples were neg-
ative in immunoblot. Representative immunoblots for T.
gondii and N. caninum of sheep sera with different serolog-
ical results are illustrated in Fig. 1, showing predominant
reactivity to the T. gondii SAG1 (p30) antigen or at least
two out of three clusters of immunodominant antigens (17,
29–32 and 35–37kDa) of N. caninum.
A positive association was found between the presence
of anti-T. gondii antibodies and the age of the sampled
sheep (2 =23.03; P<0.001), with an increasing number of
seropositive animals at older ages (Table 4). ForN. caninum,
however, there was no association between the presence
of speciﬁc antibodies and the age of the sampled animals
(Fisher exact test, P=0.3709). Considering the concordant
serological results in all three tests, the global seropreva-
Table 3
Comparison between IFAT and ELISA results for the detection of IgG anti-
bodies to Neospora caninum in sheep sera from Uberlândia, MG, Brazil.
ELISA IFAT Total n (%)
Positive n (%) Negative n (%)
Positive 36 (23.2) 5 (3.2) 41 (26.4)
Negative 37 (23.9) 77 (49.7) 114 (73.6)
Total 73 (47.1) 82 (52.9) 155 (100)
Proportion of observed agreement (Po) = 0.73; Proportion of positive
agreement (Ppos) = 0.63; Proportion of negative agreement (Pneg) = 0.78;
Kappa () coefﬁcient =0.45.Total positive 97 (62.6) 41 (26.4)
Total number 155 155
. Positive ELISA index (EI) considered positive for T. gondii and N. caninum
lence was 60.6% for T. gondii and 23.2% for N. caninum, with
40.6% seropositive to T. gondii only, 3.2% single positive to
N. caninum, and 20% to both parasites.
4. Discussion
Sheep represent an important source of meat, milk and
wool for humans in many countries, and toxoplasmosis
causes great economic losses to sheep industry worldwide
(Buxton et al., 2007). In addition, these ruminants have
a signiﬁcant role in the epidemiology of toxoplasmosis,
since ingestion of infected lamb meat serves as a direct
source of infection for humans (Cook et al., 2000). Although
neosporosis is not commonly associated with ovine abor-
tions, a number of abortions in single animals or ﬂocks have
been described in the literature (Hassig et al., 2003; Howe
et al., 2008). Also, ovine cerebral neosporosis was recently
reported in Australia, although the seroprevalence of N.
caninum infection in sheep ﬂocks of the region was low
(2.2%) (Bishop et al., 2010).
Seroprevalence of T. gondii and N. caninum in sheep
is commonly evaluated by IFAT, although different diag-
nostic methods are suitable for assaying the presence of
antibodies to both parasites in different animal species
(Dubey et al., 1996; Shaapan et al., 2008). Such tests may
not be appropriate to correctly determine the infection
status on an individual basis, but could be useful for preva-
lence studies at the ﬂock or population level (Mainar-Jaime
and Barberán, 2007). In the present study we used both
ELISA and IFAT as screening assays in order to get lower
probability of non-speciﬁc results than when using sin-
gle assay. The occurrence of IgG antibodies anti-T. gondii
andanti-N. caninum evaluatedby IFAT showedpercentages
around 47% for both parasites. Although IFAT is consid-
ered a reference test for N. caninum in several animal
species, showing little cross-reactivity with related pro-
tozoan parasites (Dubey and Lindsay, 1996), it was found
here a high percentage of reagent samples above the mean
seroprevalence rate described in ovine ﬂocks from Brazil
(Figliuolo et al., 2004; Romanelli et al., 2007), but present-
ing considerably low titers (50), that is, in the threshold
cutoff of the reaction. Thus, using a distinct design of
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Fig. 1. Reactivity proﬁles of sheep sera by immunoblot of lysates of T.
gondii (A) and N. caninum (B). Eight sheep sera (lanes 1–8) are shown
as representative immunoblots for each result (+, positive; −, negative)
obtained for T. gondii (Tg) and N. caninum (Nc) serology. Molecular size
markers (Mr) are indicated in kDa on the right. The immunodominant
antigens of T. gondii (p30) and N. caninum (17, 29–32 and 35–37kDa) are
shown on the left.ology 175 (2011) 252–259
serological assay as ELISA, as well as different antigen
preparations and secondary antibody (biotinylated rab-
bit secondary antibody anti-ovine IgG) with addition of
the peroxidase-streptavidin conjugate, we evaluated if
serum samples with borderline IFAT titers could represent
non-speciﬁc results. In that sense, we found a signiﬁcant
decrease in the number of positive serum samples for N.
caninum when analyzed by ELISA (26%), suggesting that
our hypothesis of a high number of non-speciﬁc results
could be occurring with IFAT due to low and borderline
titers. In parallel, ELISA for detection of IgG antibodies to T.
gondii was also performed and we found an increase in the
seroreactivity rate (63%), probably due to small percent-
age of serum samples with low IFAT titers (64–128) in the
cutoff threshold.
As cross-reactive antigens between T. gondii and N.
caninum have been previously identiﬁed, such as the heat-
shock protein 70 (HSP70) (Liao et al., 2005), we tested
all sera with discordant results in IFAT and ELISA by
immunoblot. The immunoblot results reinforced the eval-
uation of antibody prevalence for the parasites, resulting
in a global seropositivity of 61% for T. gondii and 23% for N.
caninum, since reactivity to major immunodominant anti-
gens of each parasite could be analyzed in relation tominor
antigens that could represent cross-reactions.
Although it is not possible direct comparisons between
prevalence studies, the occurrence of 61% for IgG anti-
bodies to T. gondii found in sheep in the present study
was higher than the data reported in different regions of
Brazil: (i) in the northeast region of Brazil, ranging from
18.8% to 35.3% (Gondim et al., 1999; da Silva et al., 2003;
Clementino et al., 2007; Soares et al., 2009); (ii) in the
southeast region, from 22.5% to 55.1% (Oliveira-Siqueira
et al., 1993; Figliuolo et al., 2004); (iii) in the southern
region, from 7% to 51.8% (Garcia et al., 1999; da Silva and
Langoni, 2001; de Moura et al., 2007; Romanelli et al.,
2007); (iv) in the northern region with 46.8% seropreva-
lence (Cavalcante et al., 2004), and (v) in the central region
with 38.2% (Ueno et al., 2009). In other countries, lower
seroprevalence rates were also found, such as 41.4% in
Argentina (West et al., 1998), 28% in Chile (Gorman et al.,
1999), 28.7% in Uruguay (Freyre et al., 1999), 17.1% in
Portugal (Sousa et al., 2009), 40.4% in Spain (Mainar-Jaime
and Barberán, 2007) and 43.7% in Egypt (Shaapan et al.,
2008). These variations can be due to differential envi-
ronment contamination of T. gondii oocysts as result of
a heterogeneous presence of felines in these regions, but
also due to age and management variations of the studied
population (Dubey, 1990; Sawadogo et al., 2005). Another
probable explanation may be related to strain variation,
since T. gondii strains from South America present signif-
icant genetic differences from Eurasia, Africa and North
America populations (Lehmann et al., 2006). Alternatively,
these differences may be attributed to variation in sensi-
tivity and speciﬁcity of the employed serological tests as
well as to the different cut offs established for each test
(Bjorkman and Uggla, 1999).
As the majority of animals were females, the difference
in the occurrence of T. gondii-speciﬁc antibodies between
genderswas not considered, but a signiﬁcant positive asso-
ciation was found between seropositivity and the age over
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Table 4
Seropositivity for Toxoplasma gondii, Neospora caninum, or both parasites by age group in 155 sheep sera from Uberlândia, MG, Brazil.
Age group Number of serum samples Seropositivity (%)
Toxoplasma gondiia Neospora caninum Both parasitesa
9.0%)
31.6%)
40.6%)
7;≤1 year 44 14 (
>1 year 111 49 (
Total 155 63 (
a Statistically signiﬁcant differences between age groups (P<0.05).
oneyear. Theseﬁndingswerealso found inprevious studies
(Figliuoloet al., 2004;Vescoetal., 2007;Romanelli et al., 200
Ragozo et al., 2008; Pinheiro et al., 2009), showing that
horizontal transmission by ingestion of sporulated oocysts
in the environment seems to be a main transmission route.
The presence of high titers (512–2048) of antibodies to T.
gondii by IFAT in 80% of animals, with >50% presenting titer
higher than 1024, in addition to reproductive disorders as
sporadic abortion reported in the farms, suggest that toxo-
plasmosismaybe a important reproductive problem in this
region.
Regarding N. caninum, the occurrence of 23% seropos-
itivity in sheep from this region was also higher than the
majority of data reported in different regions of Brazil,
ranging from 3.2% in the southern region (Vogel et al.,
2006) to 15% in the northeast region (Uzeda et al., 2007),
except for a higher seroprevalence of 29% in Rondônia,
in the Amazon region (Aguiar et al., 2004) and 31–32%
in Campo Grande, in the central region of the country
(Andreotti et al., 2009). Although positive association
was found between seropositivity for T. gondii and
the age of the animals, such association was not found
forN. caninum only, as previously reported by other studies
(Figliuoloet al., 2004;Romanelli et al., 2007;Spilovskáetal.,
2009), suggesting that vertical transmission could occur in
sheep farms, similar to bovine infections. In addition, ovine
experimental neosporosis was clinically and histopatho-
logically related to the clinical outcome observed in
bovines (McAllister et al., 1996), and fetal injuries were
similar to those caused by T. gondii (Dubey, 1990). How-
ever, despite the high sensitivity of sheep to experimental
N. caninum infection and relatively high seroprevalence
evidenced by parasite exposure in different regions,
neosporosis seems not be a common cause of abortion
in naturally exposed sheep, having a minor impact on
reproduction and less economic losses as compared to
cattle (Spilovská et al., 2009).
In conclusion, T. gondii and N. caninum infections are
present in sheep of this region, as determined by serolog-
ical screening assays as ELISA and IFAT and supported by
immunoblot. However, higher occurrence was evidenced
for toxoplasmosis, emphasizing the need for a regular
monitoring of this infection due to its zoonotic poten-
tial and its reproductive disorders leading to economic
losses in Brazilian ovine ﬂocks. For neosporosis, sheep
farmers should be instructed about the presence of the
parasite in the ﬂock, its risk factors and potential abortifa-
cient role in sheep. Differential ﬂock management could be
valuable tool to establish the association of serological pos-
itivity and reproductive disease induced by N. caninum in
sheep.4 (2.6%) 1 (0.6%)
1 (0.6%) 30 (19.3%)
5 (3.2%) 31 (20.0%)
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